Background {#Sec1}
==========

Suboptimal drug prescribing is recognised as a major cause of adverse drug events among older patients \[[@CR1], [@CR2]\]. Prescribing is particularly challenging in the older population as they often suffer from multiple chronic diseases, use several medications concomitantly, and have increased sensitivity to drug effects \[[@CR3], [@CR4]\]. Moreover, the number of drugs used by older adults has increased over time \[[@CR5]\], which increases the risk of adverse drug events due to additive pharmacological effects and drug-drug interactions (DDIs) \[[@CR6], [@CR7]\].

Numerous computerised decision support systems (CDSSs) for drug prescribing have been developed in order to promote rational drug use and improve patient safety \[[@CR8], [@CR9]\]. An optimal CDSS should have a reasonable balance of warnings with low risk of both over-alerts and too few alerts \[[@CR10], [@CR11]\]. Over-alerts may lead to alert fatigue and prescribers' subsequent overriding of pertinent warnings, while too few alerts increase the risk of overlooking possible harms and may also lower the prescriber's perception of reliability and usefulness of the system \[[@CR12], [@CR13]\]. The trade-off between sensitivity and specificity of such an alert system is thus highly relevant for its use in clinical practice.

We have previously developed a DDI database, SFINX (Swedish Finnish Interaction X-referencing), to be integrated in CDSSs coupled to electronic prescribing \[[@CR14]\]. This system contains information on more than 20,000 pairs of drugs that may potentially interact adversely, and is now in use in almost all electronic medical record systems in both Sweden and Finland, as well as in several other countries. In order to decrease the risk of alert fatigue, we have had a restrictive approach to what drug pairs should be included into the SFINX database. We have been especially restrictive in entering pharmacodynamic interactions that are evident from the pharmacological mechanism of action of the substances, as these interactions would quickly multiply the content of the database, increasing the risk for over-alerting.

Furthermore, all existing DDI databases are based on drug pairs, whereas patients may have several drugs that interact concomitantly by way of additive or synergistic drug effects, in addition to the risk of pharmacokinetic interactions. Therefore, the PHARAO (Pharmacological Risk Assessment Online) system was developed as a complement to the SFINX database in relation to potential pharmacodynamic interactions, taking into account the combinations of more than two drugs, and yet minimising the risk of alert fatigue. By adding information on pre-specified pharmacodynamic properties of substances that may give additive or synergistic effects, a risk profile for the individual patient's drug list can be created, without compromising the specificity of the drug pair alerts \[[@CR15]\]. The risk profile should preferably be generated on demand by the user, such as during the medication review, and not appear as automated alerts. The PHARAO system is presently available in Finland and other countries through the distribution by medBase Ltd. and in the capital region of Sweden (as *Janusmed Riskprofil*) by the Stockholm County Council.

However, there is a lack of evidence on the relevance of CDSS signals to detect actual adverse dug events or other drug-related problems experienced by patients. There is therefore a need to investigate the association between the CDSS generated information and actual symptoms experienced by patients. The objective of this study was to investigate the validity of the pharmacological risk profile generated by PHARAO (presently available as Janusmed Risk Profil in Sweden) in an old adult population, based on patients´ experienced symptoms as identified in medical records. The specific aim was to investigate how well the risk warnings correlated with symptoms that may be associated with the pharmacological properties of prescribed drugs.

Method {#Sec2}
======

Setting and population {#Sec3}
----------------------

The study used data from the DRUMS project (Drug-related Morbidity in Sweden). The study included 745 persons aged 65 years and older identified from a previous population-based cohort of 5025 adult residents (≥18 years on 31 December 2007) in Östergötland Region, Sweden. The source population had healthcare encounters in 110 specialised outpatient clinics, 51 primary care units, and 29 departments of inpatient care in three hospitals \[[@CR16]\]. The old adults who had at least one healthcare encounter and refilled at least one prescribed medication over a 3-month period in 2008 were included in the study.

Data sources {#Sec4}
------------

Data from several sources were linked using the personal identity number \[[@CR17]\]. Data on prescribed medications refilled during the 3-month period were extracted from the Swedish Prescribed Drug Register. This register covers all prescribed drugs dispensed to outpatients in pharmacies, including prescription drugs used in residential care and nursing homes \[[@CR18]\]. Data on healthcare encounters were retrieved from the regional patient register, the Care Data Warehouse in Östergötland. This register includes all public and most private healthcare encounters conducted in the region \[[@CR19]\]. Medical records from all healthcare providers identified through the register were reviewed for unwanted symptoms of any kind.

Evaluation of the pharmacological risk scores of refilled prescribed medications {#Sec5}
--------------------------------------------------------------------------------

The calculation of the pharmacological risk scores of patients' medications was based on the PHARAO decision support system. This system consists of a database with risk scores for nine common and/or potentially serious adverse events related to known pharmacological properties of approximately 1200 different substances \[[@CR15]\]. An algorithm for the summation and categorisation of each risk into no, low, intermediate or high risk, as well as clinical advice on how to handle specific risks (such as; dose reduction, discontinuation, change of medication) has been developed \[[@CR15]\].

In this study, the following risks were included: sedation, orthostatic symptoms, constipation, anticholinergic symptoms and serotonergic symptoms, as we expected to find documentation of related symptoms in the medical records. The less common adverse events in PHARAO; QT-prolongation/cardiac arrhythmia, bleeding, seizures and renal toxicity were not included, as a low occurrence and paucity of data was expected in the present cohort.

Extraction of clinical data {#Sec6}
---------------------------

Symptoms that could possibly be associated with the pharmacological properties studied were extracted manually from the medical records data by research pharmacists. In order to ensure a conservative evaluation of serotonergic and anticholinergic symptoms, only common, and often the combination of two or more, were required for a patient to be classified as having these symptoms. A secondary reviewer checked the categorisation of included symptoms, and a senior specialist in clinical pharmacology was consulted when needed.

Finally, clinical data were linked to PHARAO risk scores (2016 version) in order to investigate how well the risk warnings from the PHARAO system correlated with documented symptoms.

Statistical analysis {#Sec7}
--------------------

For each category of possible adverse events we calculated the sensitivity, specificity, positive predictive value, and negative predictive value of the system for high, intermediate, and low level of risk. The sensitivity refers to PHARAO's ability to accurately identify patients who experienced symptoms possibly associated with the pharmacological properties of their medications, and was defined by the proportion of patients with true positive PHARAO alerts among those with related symptoms from their clinical data. The specificity refers to PHARAO ability to disregard any DDI or additional pharmacological effects not defined as clinically significant, and were defined by the proportion of patients with true negative PHARAO alerts among those with no related symptoms from their clinical data. The positive predictive value is the proportion of patients with PHARAO alerts who actually have the related symptoms from their clinical data. The negative predictive value is the proportion of symptoms without PHARAO alerts among those without the related symptoms from clinical data. Statistical analyses were performed using Stata version 11.1 (StataCorp, TX).

We performed a sensitivity analysis by considering only symptoms previously assessed as possible/probable/definite adverse drug reactions \[[@CR20]\]. We also evaluated the validity of PHARAO signals when considering all prescriptions under a 6-month period, including 3 months prior to the study period used in the main analysis.

Ethical considerations {#Sec8}
----------------------

The research was approved by the Regional Ethical Review Board in Gothenburg (no: 644--2008). Informed consent of participants was not required as the retrospective study design did not affect the healthcare of included patients. Statistics Sweden replaced the personal identity numbers by a random serial number after final data linkage and data were analysed anonymously.

Results {#Sec9}
=======

The main characteristics of the study population are presented in Table [1](#Tab1){ref-type="table"}. The mean age was 75 years (range: 65--98), and the median number of dispensed medications during the study period was 5 (range: 1--26). The study population had a median of 4 healthcare encounters and 91% of participants used primary care service only.Table 1Study population characteristicsCharacteristicsAge, median (range)75.0 (65--98)Female sex, *n* (%)423 (56.8)Number of prescribed medications, median (range)5.0 (1--26)1 medication, *n* (%)81 (10.9)2--4 medications, *n* (%)267 (35.8)5--9 medications, *n* (%)290 (38.9)≥10 medications, *n* (%)107 (14.7)Number of healthcare encounters, median (Q1-Q3)4 (1--8)Use of primary care service only, *n* (%)680 (91.3)Use of specialised care service^a^, *n* (%)385 (51.7)Hospitalisation, *n* (%)68 (9.1)^a^Specialised inpatient and outpatient careAbbreviations: *Q* Quartile

In total, clinical data revealed 444 of studied symptoms in 210 patients. The most common symptoms were those possibly associated with anticholinergic drug effects, found in 180 patients, while constipation was the least common symptom, found in 25 patients (Table [2](#Tab2){ref-type="table"}).Table 2Symptoms associated with studied PHARAO properties^a^ identified in the medical records of elderly patientsSedation symptoms (*n* = 86)Orthostatic symptoms (*n* = 90)Constipation (*n* = 25)Serotonergic symptoms (*n* = 63)Anticholinergic symptoms (*n* = 180)Fatigue/asthenia (66)Fall (37)Somnolence (5)Depressed level of consciousness (2)Dizziness (59)Fall (37)Syncope (12)Orthostatic hypotension (9)Constipation (25)Hypertension (17)Headache (15)Tremor (12)Nausea (10)Palpitations (8)Paraesthesia (7)Diarrhoea (7)Mood altered (4)Tachycardia (4)Musculoskeletal stiffness (3)Hyperhidrosis (3)Sweating (2)Nightmare (2)Confusional state (1)Delusion (1)Libido decreased (1)Muscle spasms (1)Pyrexia (1)Restlessness (1)Sexual dysfunction (1)Dizziness (41)Fall (23)Constipation (22)Fatigue (20)Headache (19)Anxiety (18)Decreased appetite (16)Urinary retention (13)Gastroesophageal reflux disease (13)Dementia (11)Palpitations (11)Mood altered (9)Dry mouth (8)Confusional state (7)Somnolence (4)Visual impairment (3)Memory impairment (3)Nightmare (3)Flushing (2)Pollakiuria (2)Sexual dysfunction (2)Tachycardia (2)Delusion (1)Depressed level of consciousness (1)Eye irritation (1)Hallucination (1)Irritability (1)Libido decreased (1)Vision blurred (1)^a^In total 444 symptoms found in 210 patients

The PHARAO system generated a total of 208 high, 252 intermediate, and 316 low risk alerts, found in 127, 149 and 108 patients (out of the total study population of 745 patients), respectively (Table [3](#Tab3){ref-type="table"}). The most common generated alerts were for constipation and anticholinergic symptoms.Table 3Validity of PHARAO alerts to detect symptoms associated with medications' pharmacological properties during a 3-month period, by symptoms experienced by elderly patientsExperienced symptomsSensitivity\
(95% CI)Specificity\
(95% CI)PPV\
(95% CI)NPV\
(95% CI)According to clinical data (n)According to PHARAO alertsLowest considered level of risk (n)^a^PHARAO alert confirmed n (%)Symptoms not identified by PHARAO n (%)Sedation (86)High (43)12 (28)74 (86)0.14 (0.08--0.23)0.95 (0.93--0.97)0.28 (0.16--0.44)0.89 (0.87--0.92)Intermediate (60)13 (22)73 (85)0.15 (0.09--0.25)0.93 (0.90--0.95)0.22 (0.12--0.34)0.89 (0.87--0.91)Low (98)20 (20)66 (77)0.23 (0.15--0.34)0.88 (0.85--0.90)0.20 (0.13--0.30)0.90 (0.87--0.92)Orthostatic symptoms (90)High (38)6 (16)84 (93)0.07 (0.03--0.15)0.95 (0.93--0.97)0.16 (0.07--0.32)0.88 (0.85--0.90)Intermediate (120)19 (16)71 (79)0.21 (0.13--031)0.85 (0.81--0.87)0.16 (0.10--0.24)0.89 (0.86--0.91)Low (155)24 (15)66 (73)0.27 (0.18--0.24)0.80 (0.76--0.82)0.15 (0.10--0.22)0.89 (0.86--0.91)Constipation (25)High (68)9 (13)16 (64)0.36 (0.19--0.57)0.92 (0.89--0.94)0.13 (0.07--0.24)0.98 (0.96--0.99)Intermediate (136)13 (10)12 (48)0.52 (0.32--0.72)0.83 (0.80--0.85)0.10 (0.05--0.16)0.98 (0.96--0.99)Low (249)16 (6)9 (36)0.64 (0.43--0.81)0.68 (0.64--0.71)0.06 (0.04--0.10)0.98 (0.96--0.99)Anticholinergic symptoms (180)High (48)23 (48)157 (87)0.13 (0.08--0.19)0.96 (0.93--0.97)0.48 (0.33--0.63)0.77 (0.74--0.80)Intermediate (130)44 (34)136 (76)0.24 (0.18--0.31)0.85 (0.81--0.88)0.34 (0.26--0.43)0.78 (0.74--0.81)Low (246)84 (34)96 (53)0.47 (0.39--0.54)0.71 (0.67--0.75)0.34 (0.28--0.40)0.81 (0.77--0.84)Serotonergic symptoms (63)High (11)3 (27)60 (95)0.05 (0.01--0.14)0.99 (0.98--0.99)0.27 (0.07--0.60)0.92 (0.89--0.94)Intermediate (14)4 (29)59 (94)0.06 (0.02--0.16)0.98 (0.10--0.99)0.29 (0.10--0.58)0.92 (0.90--0.94)Low (28)6 (40)57 (90)0.10 (0.04--0.20)0.97 (0.95--0.99)0.21 (0.10--0.41)0.92 (0.90--0.94)Total (444)^b^High (208)53 (25)391 (88)0.12 (0.09--0.15)0.95 (0.94--0.96)0.25 (0.20--0.32)0.89 (0.88--0.90)Intermediate (460)93 (20)351 (79)0.21 (0.17--0.25)0.89 (0.88--0.90)0.20 (0.17--0.24)0.89 (0.88--0.90)Low (776)150 (19)294 (66)0.37 (0.33--0.42)0.78 (0.77--0.80)0.20 (0.16--0.22)0.90 (0.89--0.91)^a^The high level of risk considers only high risk scores, intermediate level considers high and intermediate risk scores, and the low level considers high, intermediate and low risk scores. In total, 208 high, 252 intermediate, and 316 low risk alerts were found in 127, 149 and 108 patients, respectively^b^Found in 210 patientsAbbreviations: *n* number, *NPV* negative predictive value, *PPV* positive predictive value, 95% CI = 95% confidence interval

The total specificity estimates of the PHARAO system were 0.95, 0.89 and 0.78 when we considered high, intermediate and low risk alerts, respectively. The corresponding sensitivity estimates were 0.12, 0.21 and 0.37, respectively, for each level of risk. Noteworthy, sensitivity varied markedly between the different properties with the highest value for constipation, and the lowest value for serotonergic symptoms (Table [3](#Tab3){ref-type="table"}).

The total negative predictive value (NPV) was equal to 0.9, and the positive predictive value (PPV) was \< 0.5. The highest PPV was for anticholinergic symptoms, where almost one of two high risk alerts were confirmed by clinical data.

In the sensitivity analysis (Additional file [1](#MOESM1){ref-type="media"}: Table S1 and S2), the PPV decreased significantly when only symptoms assessed as possible/probable/definite adverse drug reactions were considered. The sensitivity, specificity and the NPV did not vary or varied only slightly. The changes were in general small, and the 95% confidence intervals overlapped the main analysis.

Discussion {#Sec10}
==========

Our study findings suggest that PHARAO signals have a high specificity in the studied population of relatively healthy old patients. Indeed, about eight to nine out of ten patients without clinical symptoms that could be associated with the studied pharmacological properties did not generate any signal from the system. Further, about nine out of ten patients without PHARAO signals were confirmed not to have such symptoms from their clinical data, according to the negative predictive value of our analysis.

The sensitivity, on the other hand, was in general rather low, and varied between the different pharmacological properties. Overall sensitivity values between 0.12 and 0.37 (from high to low risk level) indicate that about 80% of patients who actually experienced symptoms possibly associated with PHARAO properties did not generate a signal. This is to be expected, as there may be many other causes for patients' symptoms than drug treatment, but it warrants more research to ensure that most individuals with symptoms caused by drugs are captured.

Constipation signals had the highest sensitivity, while signals for possible serotonergic symptoms had the lowest. In this context, constipation is a symptom that is easily interpreted and classified from patients´ medical records. On the other hand, symptoms possibly related to serotonergic over activity are much more unspecific and difficult to classify, and misdiagnosis is likely to be high \[[@CR21], [@CR22]\], even though we aimed to have a conservative categorisation of clinical symptoms belonging to this group. Moreover, it is unclear to what extent additive serotonergic effects from several drugs will cause a gradual increase in the frequency of adverse events. Notwithstanding, anticholinergic symptoms, although often unspecific, had a much higher sensitivity level, with nearly half of the symptoms confirmed by a PHARAO signal. This may relate to a more direct relation between cholinergic antagonism and experienced adverse events by patients \[[@CR23]\].

The low positive predictive values of the PHARAO signals may probably be related to the low prevalence of the studied adverse drug events in this relatively healthy cohort of old adults, as compared to studies conducted among hospitalized patients.

Strengths and limitations {#Sec11}
-------------------------

The main strength of this research is that it provides a scientific knowledge concerning the clinical relevance of pharmacological risk assessments integrated into a CDSS, based on older patients' experienced symptoms, as documented in their medical records. As far as we know, such information is scarce in the scientific literature \[[@CR10]\]. We aimed in our study to use real-life clinical data, as naturalistic studies are considered to have an important role in evaluating the validity of CDSSs \[[@CR10]\]. Furthermore, PHARAO scores are based on the whole list of the prescribed drugs for each patient, which reflects the situation that may face the prescriber in practice, when more than two medications may possibly interact, and which are often not considered in other alert systems. Another strength of the present study is the consideration of less serious symptoms, such as dizziness, fatigue and constipation, that are rarely investigated, but that may still affect the quality of life of many patients, and the benefit-harm assessment of the treatment \[[@CR24]\].

The Swedish Prescribed Drug Register has a full coverage of prescriptions dispensed in pharmacies and nursing homes, and is therefore a reliable source to study drug exposure at the population level. Nonetheless, this register does not include medications prescribed during hospital care \[[@CR18]\]. However, only one out of ten patients was subject to hospital care during the study period, and we do not expect that medicines administered only during hospital stay would have a significant impact on the results of this study. Moreover, register data may overestimate the risk of drug interactions, as patients may not have taken all their prescribed medications concomitantly, or prescribers may have adjusted the doses to lower the risk of DDIs. Furthermore, we studied PHARAO alerts of medications prescribed only during the study period while patients may have experienced symptoms associated with prescribed medication refilled prior to the study period. However, when we performed a sensitivity analysis during a six-month period, including three months prior the study, the results varied only marginally. Noteworthy, patients may experience serious adverse drug events caused by only one medication. However, no medium or high alerts would be generated by PHARAO, as higher scores require the combination of at least two medications. Only one out of ten patients were dispensed a single medication during the study period, so this should only marginally affect our study findings.

The validity of PHARAO alerts was evaluated based on patients' symptoms extracted from their medical records. The dataset was generated in 2008, meaning that medicines introduced later are not included, which is a limitation. The PHARAO version used was from 2016. New drugs are regularly added to the system, but older ones are not removed, meaning that all drugs present in the clinical material were also present in the PHARAO system of 2016. Many new drugs introduced in the period in between have been for use in specialist care, such as oncology. We find it unlikely that the presence of these new medicines will significantly change the performance of PHARAO in an outpatient setting.

The quality of medical records data may also have influenced our results. Symptoms not communicated by patients or not recorded by caregivers could not be identified in this study, as well as symptoms not recognised as relevant during the independent data extraction. Moreover, symptoms included in our study may not be associated with the pharmacological properties of prescribed medications, but rather be symptoms of a medical condition. We purposefully included all experienced symptoms during the study period, without a preliminary causality assessment to reflect the clinical practice, as practitioners often fail to recognise mild or minor adverse drug events, in particular among the old adults with multiple chronic conditions \[[@CR25]\]. We had similar results when we only included patients previously assessed to have possible, probable, or definite adverse drug reactions.

The categorisation of anticholinergic and serotonergic symptoms was somehow challenging, since, to our knowledge, there is no standard rule for this. For example, more structured decision rules to diagnose serotonergic symptoms have been suggested. However, they are mainly applied to severe cases, and their applicability to milder symptoms in clinical practice is unknown \[[@CR26]\].

Comparison to previous research {#Sec12}
-------------------------------

To the best of our knowledge, this study is the first to evaluate how well the risk signals from a CDSS correlate with real experienced symptoms identified from clinical data. Previous studies that evaluated the predictive values of DDI alerts, either compared the alerts generated by the system with pairs of interacting medications, chosen by consensus among the researchers \[[@CR27]--[@CR30]\], or were based on expert panel's estimates of the probability that the DDI would result in an adverse drug event \[[@CR31]\]. These studies have found mixed results on the values of sensitivity and specificity. However, direct comparison between different interaction warning systems is difficult since the interactions included and the classification of interaction severity differs across different CDSSs \[[@CR10], [@CR32]\].

### Implications {#Sec13}

An identified high specificity of the PHARAO system supports its usefulness as a screening tool, in combination with a regular DDI database, for possible drug synergies as the cause of adverse events in patients, while maintaining a low risk of false positive alarms. In clinical practice, the use of such system is often preferred by prescribers to avoid the risk of alert-fatigue, leading to the systematic override of warnings \[[@CR12], [@CR33], [@CR34]\]. The low positive predictive value for the signals indicates that an additional evaluation of the cause of symptoms has to be performed. Ancillary measures should always be used in conjunction, such as the integration of individual patient comorbidities and medical history, in order to consider other possible alternate causes of experienced symptoms \[[@CR35]\].

This study examined the validity of PHARAO alerts to detect actual adverse symptoms experienced by the old patients. Future studies need to determine the acceptable sensitivity and specificity values in clinical practice and to investigate prescribers' views on PHARAO usefulness during the prescribing and the medication review process (10).

Conclusions {#Sec14}
===========

In conclusion, PHARAO system has a high specificity and a low sensitivity to detect symptoms potentially associated with pharmacological properties of patients' prescribed medications. The use of such system may decrease the alert fatigue, but other clinical data, such as drug doses, should be considered to improve the sensitivity of the system in clinical practice.

Additional file
===============

 {#Sec15}

Additional file 1:Sensitivity analysis. **Table S1.** Validity of PHARAO alerts to detect symptoms associated with medications' pharmacological properties, related to symptoms assessed as possible/probable/definite adverse drug reactions. **Table S2.** Validity of PHARAO alerts to detect symptoms associated with medications' pharmacological properties during a 6-month period, by symptoms experienced by elderly patients. (DOCX 16 kb)
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